The aim of this study was to evaluate effects of organic sources of manganese (Mn) and iron (Fe) and inulin in diets for laying hens on absorption of these minerals and their deposition in egg and tissue. The study was conducted on 90 Lohmann Brown laying hens in the period from 46-52 weeks of age, assigned to 3 groups with 30 hens/group and 3 hens/cage. The hens from the control group (C) received a diet based on corn, rice bran and soybean meal with 16% of crude protein, as well as 60 mg Fe/kg and 71.9 mg Mn/kg of diet in form of inorganic salts. The formulation of the experimental diets (E1 and E2) differed from C group diet by the replacement of inorganic Fe and Mn salts by organometallic chelates of these elements, at a level of 25% lower than in the premix for group C. As source of inulin, group E1 diet also included 0.5% of dry Jerusalem artichoke, while group E2 diet included 0.5% of a product based on chicory root extract. At the end of the experiment, 6 hens from each group were slaughtered and blood serum and liver samples were collected and assayed for concentration of Fe and Mn. In the final week of the experiment, 18 eggs/group were collected for determination of Fe and Mn concentration in egg yolk. Concentration of measured blood serum parameters (haemoglobin, haematocrit, Fe and Mn) in experimental (E) groups were lower than in group C, but no significant differences (P>0.05) were registered. Absorption coefficients of Mn had higher values in E groups than in group C, with significant increase (P<0.05) registered in group E2. Absorption coefficients of Fe had significantly lower (P<0.05) values for both E groups compared to C group. A significant (P<0.05) increase of Mn concentration in liver was noticed in group E2. No significant differences (P>0.05) between groups were observed for Mn and Fe concentration in egg yolk.
INTRODUCTION
Nowadays, livestock is generally fed highly concentrated diets that are formulated to provide an excess of nutrients to maximize performance (Leeson et al., 2003) . Traditionally, trace minerals are supplemented in the form of inorganic salts, such as sulphates, oxides and carbonates, to provide levels of minerals that prevent clinical deficiencies and allow the bird to reach its genetic growth potential (Bao et al., 2007) . These amounts may be 3-4 times higher than animal requirement (Untea et al., 2011) . When trace minerals are fed in excess of animal requirements, more is excreted as waste because of homeostatic mechanisms that serve to regulate tissue concentration of minerals (Spears et al., 1996) .
Organic sources of minerals (organometallic chelates) have been used in order to enhance trace mineral bioavailability by binding minerals to organic molecules, allowing the formation of structures with unique characteristics (Liotta et al., 2009 ). Also, the use of organic sources of minerals in premixes may be a solution to solve the inadequate mineral intake or the presence of antagonists in the diet, which interfere with or unbalance mineral uptake (Nollet L. et al., 2007) . Organometallic chelates may be added at a lower concentration in the diet than inorganic salts of trace minerals, without causing any negative effect on production performance and potentially reducing mineral excretion (El-Husseiny, 2012).
Inulin is a natural carbohydrate which acts within the digestive tract of monogastric animals (Breves et al., 2001) , favoring the absorption of trace elements (Rumessen et al., 1990; Lopez et al., 2000) . Few studies evaluated the effect of inulin as supplement on absorption of trace elements in monogastric animals (Chen and Chen, 2004; Yasuda et al., 2006) . In experiments on rats, higher copper absorption in the presence of inulin in the diet has been reported (Coudray et al., 2006) . Some authors reported that dietary inulin increases relative biological availability of dietary copper in weaned piglets, without effects on zinc and manganese (Untea et al., 2013) . Inulin has been shown to increase the absorption of several minerals (calcium, magnesium, in some cases phosphorus) and trace elements (copper, iron, zinc), but the studies are relatively scarce and contradictory results were obtained in experiments on rats (ScholzAhrens and Schrezenmeir, 2007).
The Jerusalem artichoke (Helianthus tuberosus), plant with significant inulin content also known as the sunchoke, sunroot, topinambur or earth apple, is considered during other experimental trials on laying hens as prebiotic and possible substitute for antibiotic growth promoters (Poeikhampha and Bunchasak, 2010). Also, improvements of performances, feed utilization and egg production were observed when Jerusalem artichoke was included in poultry diets (Yildiz et al., 2008) . Chicory (Cichorium intybus) root has a high content of fructooligosaccharides and inulin, which can be used to manipulate the composition of microflora in the gut and enhance its integrity (Flickinger et al., 2003) .
This study presents the results obtained in an experiment conducted on laying hens, where the objective was to evaluate the effects of diet supplementation with amino acid chelated minerals Fe and Mn and inulin on absorption coefficients of these minerals and their content in egg and tissue.
MATERIAL AND METHODS
The present study was carried out at the National Research and Development Institute for Animal Biology and Nutrition, Balotesti, Romania, and the chemical analyses were carried out at the institute's laboratories. The experiment was conducted on 90 Lohmann Brown laying hens in the period from 46-52 weeks of age, divided into 3 groups (C, E1 and E2) with 30 hens/group and 3 hens/cage. Diet formulation considered the nutritional requirements of laying hens (NRC, 1994) and the basic diet was identical for all groups. A light regimen of 16 hours/day was applied during the trial period. Food and water were provided ad libitum. Two sources of inulin were used: first was a product based on a chicory root extract and the second source originated from Jerusalem artichoke powder, a plant which contains minerals, vitamins, proteins, dietary fiber, and inulin (Danilevičs, 2006 ).
The hens from control group (C) received a diet based on corn, rice bran and soybean meal with 16% of crude protein, as well as 60 mg Fe/kg and 71.9 mg Mn /kg of diet in form of inorganic salts. The formulations of the experimental diets (E1 and E2) differed from the control (C) group diet by the replacement of the inorganic salts of Fe (PRECHEZA, Czech Republic) and Mn (ERACHEM COMILOG, Belgium) by organometallic chelates of these elements (manganese chelate of glycine hydrate -EcoTrace® Mn 20% and ferrous chelate of glycine hydrate -EcoTrace® Fe 20%, Biochem, Germany ), at a level of 25% lower than in the premix for group C. Group E1 also included 0.5% of dry Jerusalem artichoke (S.C. Hofigal S.A., Romania), while group E2 included 0.5% of a product based on a chicory root extract (Frutafit®IQ, Sensus, Holland).
According to experimental protocol approved by the Ethical Committee of the National Research-Development Institute for Animal Nutrition and Biology, Balotesti, Romania, two periods (five days each) of mineral balance were performed in the fourth and the sixth week as suggested by Khan et al. (2003) . During balance periods, the feed, unconsumed feed and faeces samples were collected (10 samples/group/balance period) and prepared for determination of Fe and Mn using microwave digestion procedure described by Untea et al. (2012) and applying flame atomic absorption spectrophotometry (FAAS). The used equipment was an atomic absorption spectrometer Thermo Electron -SOLAAR M6 Dual Zeeman Comfort (Cambridge, UK), with deuterium lamp for background correction and airacetylene flame. Absorption coefficients of Mn and Fe were calculated based on their determination in ingested and excreted samples, supported by daily recordings of feed consumption and excreta quantity. Absorption coefficient (%) represents the ratio: (absorbed mineral quantity / ingested mineral quantity)*100, where the absorbed quantity represents the difference between the ingested amount and the excreted amount. The data for mineral balance in this study are presented as means of the values obtained in the two balance periods.
In the final week of the experiment, 18 eggs per group were randomly collected and 6 composite samples/group (3 eggs/sample) of egg yolk was prepared for Fe and Mn concentration determination by FAAS, according to the procedure of Untea et al. (2012) .
At the end of the experiment, blood samples were collected from brachial vein of 6 hens from each group to determine haemoglobin (HGB) and haematocrit (HCT) content. The analysis was conducted using MINDRAY BC 2800 VET, AUTO HEMATOLOGY ANALYZER (Guangzhou, China). Also at the end of the experiment, 6 hens from each group were slaughtered according to the pro-visions of the Law on animal protection and welfare (Council Directive 93/119/CEE, 1993). Blood serum and liver samples were collected and prepared for determination of Fe and Mn concentration by FAAS using procedure described by Untea et al. (2012) . The data were analyzed using the StatView for MS Windows 5.0 software (SAS Institute Inc., Cary, NC, USA).
RESULTS AND DISCUSSION
The results of haemoglobin (HGB), haematocrit (HCT), Fe and Mn content in blood serum are presented in Table 1 . No significant differences (P>0.05) between groups concerning HGB and HCT content were registered ( The results of mineral balance calculation are presented in Table 2 . A significantly lower (P<0.05) quantity of ingested Fe and its absorption coefficients was noticed in E groups. It was not the case for Mn, where the 25% reduction of its organic source in the diets, did not produce a reduction of absorption coefficients in E groups compared to group C. Therefore, it can be assumed that the manganese absorption was influenced by inulin supplements added into diets of experimental groups. The obtained results sustain the reports in the literature with regard to antagonistic interactions between Fe and Mn (Creech, 2004) .
Although the Mn concentration was lower in experimental diets, the liver concentration of Mn was significantly higher (P<0.05) for E2 group than for group C. These results confirm the observation concerning the high value of Mn absorption coefficient for E2 group.
Iron-manganese antagonism was also noticed at the level of the main mineral deposition organ -the liver (Table 3) , where Fe concentration was lower for E groups compared to group C, but this concentration decrease was not statistically significant (P>0.05).
Manganese and iron egg yolk concentrations, registered at the end of the experiment, are presented in Table 4 . There were no significant differences (P>0. 
